In this paper, I revisit the "Shimer puzzle" by comparing business-cycle properties of three prominent labor-search models. Providing a standard framework for contrasting the three models, I first quantify the sensitivity of Shimer (2005)'s relative labor market tightness volatility to business cycle smoothing parametrization. Second, I document that Hagedorn and Manovskii (2008)'s proposed solution to the Shimer puzzle depends considerably on whether the value of nonmarket activity responds to business cycle fluctuations. Third, I report that when specified in the form of a decreasing-returns-toscale functional form, the incorporation of decreasing average vacancy posting costs by Pissarides (2009) cannot generate decent business-cycle volatilities in the absence of further wage stickiness. Overall, my findings point to the particular need for further exploring the degree of co-movement between wage rate and nonmarket activity in labor-search modelling attempts.
O ver the recent decades, labor market dynamics have become an issue of high priority to both policy-makers and researchers. The fact that frictionless standard real business cycle models fail to generate realistic labor market dynamics has motivated numerous studies to find alternative ways to explain observed irregularities.
(1) These attempts have contributed to the emergence of three major sources of labor market imperfections: i) implicit contract theory relates observed wage stickiness to risk-aversion of workers and employers, (2) ii) efficiency wage theory by Shapiro and Stiglitz (1984) argues for economic efficiency as a result of unemployment due to its disciplinary device function, and iii) labor-search theory by Mortensen and Pissarides (1994) attempts to endogenize labor market frictions by the use of job creation and job destruction in a partial equilibrium design. Among the three branches, labor-search models have gained particular popularity in modern economics for the study of labor market imperfections, and therefore have been incorporated into several general equilibrium models. One unique result by partial and general equilibrium models featuring labor-search has been particularly controversial: the unemployment and vacancy volatilities generated by labor-search models are an order of magnitude lower than those in the data. In the literature, this phenomenon has been coined as the "Shimer's puzzle," and it has motivated alternative ways to tackle the mismatch. In one of these attempts, argue that because of similar grounds as in , and the fact that partial labor-search models can be regarded as a linear approximation to standard non-linear real business cycle models, nonmarket activity (i.e. unemployment benefit/home production) needs to be set close to wage rate.
(4) Accordingly, show that when nonmarket activity is formulated as a parameter, the value of which is calibrated close to steady-state wage rate, volatilities of unemploy- (1) Among others, see Shimer (2010) . (2) See Rosen (1985) for an elaborate discussion on the implicit contract theory. (3) Among others, see Merz (1995) and . (4) Specifically, refers to 's indivisible labor argument for the study of real business cycle models, in which households are a priori indifferent between working and not working. ment and vacancies fit considerably better with the data. In another attempt addressing the Shimer puzzle, Pissarides (2009) shows that imposing only exogenous wage stickiness would not satisfactorily resolve the puzzle. Instead of standard proportional vacation posting costs, he proposes a fixed-cost-embedded decreasing-vacancy-cost formulation, which he argues for a better match with the data.
In this paper, I study the behavior of macroeconomic variables in different laborsearch model specifications with a comparative perspective. Specifically, extending on the canonical labor-search model a` la Shimer (2005) , I revisit the "Shimer puzzle" by contrasting business-cycle performances of three prominent labor-search models.
First, I quantify the sensitivity of Shimer (2005) 's relative labor market tightness volatility to business-cycle smoothing parametrization, and document that the use of standard quarterly smoothing parameter reduces labor market tightness volatility by as much as one-fourth. Second, I study the economy, which features a nonmarket activity value close to that of wage rate. Throughout my analyses, I formulate the value of nonmarket activity in two different approaches. First, I specify nonmarket activity as a parameter, the unique value of which is determined at the deterministic steady-state as a ratio of the wage rate and remains constant regardless of labor productivity shocks, as in . Second, instead of fixing the value nonmarket activity to a constant, I endogenize the value of nonmarket activity so that the ratio of nonmarket activity to wage rate remains constant not only at the steady-state, but also throughout business-cycle fluctuations. In other words, the second formulation suggests that the value of nonmarket activity that mainly addresses home production or unemployment benefit does not necessarily have to be orthogonal to labor productivity shocks, and responds to the developments in the economy.
(6) I show that the formulation of nonmarket activity has first-order implications: when nonmarket activity is formulated as a parameter, the standard result holds, as the relative volatility of labor market tightness is amplified by as much as an order of magnitude. However, when nonmarket activity is endogenized as described, the otherwise standard Hagedorn and Manovskii model generates a relative labor market tightness volatility figure similar to that of the Shimer model. These findings suggest that co-movement of nonmarket activity and wage rate throughout business-cycles is to be explored for a better understanding of the Shimer's puzzle and for the formulating of consequent model-based solutions.
Third, following Pissarides (2009) , I modify the standard labor-search model by introducing decreasing vacancy posting costs, instead of proportional ones. In doing so, instead of imposing fixed costs, I employ a decreasing-returns-to-scale vacancy posting cost function so as to formulate decreasing average cost of posting vacancies. (5) Specifically, I refer to the finding that the use of Hodrick and Prescott smoothing parameter of λ = 1600 for thequarterly frequency, instead of λ = 105 by Shimer (2005) reduces relative volatility of labor market tightness by 24%. (6) Throughout the paper, I refer to the two specifications as labor-search models with i) exogenous χ and ii) endogenous χ, respectively, where χ refers to nonmarket activity, as discussed in detail in the Model Environment section.
I report that decreasing average vacancy postings costs proposal by Pissarides (2009) cannot generate decent business-cycle predictions, when formulated as a decreasingreturns-to-scale functional form.
Overall, by highlighting the strengths and shortcomings of canonical labor-search models in a comparative perspective, this paper intends to contribute to a better understanding of tackling the Shimer's puzzle.
The outline of the rest of the paper is as follows: in the Model Environment section, I describe the details of my extensions to the canonical labor search-model a` la Shimer (2005) , in Results section, I describe my solution algorithm and present my results, and in the Conclusions section, I present my discussions and conclusions.
Model Environment Households
There is an infinitely-lived representative household, who has an "infinite" number of family members. The size of the infinite-sized household is normalized to measure one. All household members are assumed to be participating in the labor force. The representative household accordingly maximizes: subject to and where refers to the expectations operator at time refers to the utility function, which is assumed to take the natural logarithm form, refers to the discount factor, refers to consumption at refers to the real wage rate, refers to the measure of household members who work and refers to the measure of household members do not work, refers to nonmarket activity, i.e. unemployment benefit/home production, refers to the lump-sum flow of profits due to the household's ownership of the representative firm, refers to the time-invariant exogenous job separation rate, refers to labor market tightness defined per unemployed vacancy, i.e.
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the gross return rate of the zero-net-supply risk-free asset. Consequently, the stochastic
In a general equilibrium model environment, unemployment benefits would not appear in the economy-wide re-source constraint, simply because it is only a form of transfer of resources from one party to the next. In the canonical labor-search model a la Shimer (2005) , χ shows up in the resource constraint, hence interpreting χ as home production is a better way of making sense of the model.
A NOTE ON LABOR SEARCH MODELS
The household maximization problem yields:
where R t denotes the gross return rate of the zero-net-supply risk-free asset. Consequently, the stochastic discount rate can be expressed as:
Firms
There is a representative "large" firm, which faces the following profit-maximization problem:
subject to and where refers to the stochastic discount factor, y t refers to the firm's output, n t refers to the measure of employed workers in production, ψ refers to the cost of posting vacancies, v t refers to the number of posted job vacancies, and z t refers to the labor productivity technology shock. Further, the law of motion for the technology shock is an autoregressive process of order one, which can be described formally as follows:
where is normally distributed with The optimality condition by the firm yields: which implies that the firm's cost of posting vacancies needs to be equal to the discounted expected profit by filling the vacancy. er unemployed vacancy, i.e. ( vt ut ), and p(θ t ) refers to the job finding rate. 7 he household maximization problem yields:
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Wage Bargaining
Each period, real wage results from a bargaining process between the firm and the worker, and a single wage rate is determined by Nash bargaining.
(8) The equilibrium wage solves the following Nash bargaining problem: where refers to the worker's, and refers to the employer's bargaining power. The household's asset value of getting employed, denoted as follows:
The household's asset value of remaining unemployed, denoted as requires:
The firm's asset value to fill a vacant job, denoted as follows:
Note that Equation (10) and (14) jointly imply that needs to hold, as well.
Lastly, denotes the asset value of posting a vacancy for a job, which is zero in equilibrium. The solution to the Nash-bargaining problem yields the following surplussharing rule:
Plugging Equations (12), (13), and (14) and (15) into the surplus-sharing rule (16), wage rate follows:
Under some assumptions, Nash bargaining is known to correspond to the alternating bargaining game a la Rubinstein (1982) , hence another way to interpret the determination of wages could be the alternating offers between the worker and the employer in a continuous-time setup.
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A NOTE ON LABOR SEARCH MODELS
Equilibrium
The competitive equilibrium for the model economy is a list of sequences: for the given parameters and the exogenous process which satisfy the below set of equations (18) (27): The household's optimal consumption-saving decision rule requires:
The firm's optimal job-creation and vacancy-posting condition implies: (10) where the stochastic discount factor follows Real wage rate solves the Nash-bargaining problem:
Aggregate employment follows its law of motion:
The job matching identity holds:
where is a constant-returns-to-scale (CRTS) matching technology function, is the rate at which vacant jobs are filled, and is the rate at which unemployed individuals get employed. Labor market clears:
Each member of the household participates in the labor pool, either as employed or unemployed: (9) As discussed in the previous section, when nonmarket activity χ is specified as a parameter so that its value is time-invariant and does not respond to labor productivity shocks, it is added to the parameter set instead of the list of sequences.
(10) This condition is modified for the Pissarides model, which is discussed in more detail in the following section.
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The law of motion for labor factor productivity follows:
Economy-wide aggregate resource constraint holds:
Final output is produced only by the employed workers, and labor productivity is governed by the specified stochastic process:
Results
Parametrization and Model Specifications
In order to study the business-cycle properties of three competing labor-search models in a comparative approach, I perform three set of specifications as discussed, which I refer hereafter as the Shimer, Hagedorn and Manovskii and Pissarides models. By the Shimer model, I refer to the canonical labor search model a la Shimer (2005) , by the Hagedorn and Manovskii model I refer to a modified labor-search model with relatively higher nonmarket activity and lower bargaining power of workers, and by the Pissarides model, I refer to an environment where the cost of posting vacancies is not proportional, but a decreasing function of posted vacancies.
(11) Note that this condition is implied by the joint flow budget constraint of the household and the firm. The intuition for this resource constraint is that the total production of real goods in this economy is composed of the firm's production and home production, that is, out of which the household consumes and the firm covers its real vacancy-posting costs.
(12) Note that when the functional form of the vacancy-posting cost follows Equation (28), the optimal vacancy posting condition for the firm needs to be modified as: 
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Next, while I feed the cost of posting vacancies, ψ, as a constant parameter to the former model, I calibrate the steady-state value of costing vacancies, ψ = 0.6019 v 0.7 = 0.25 in the latter model so that the equilibrium 12 Note that when the functional form of the vacancy-posting cost follows Equation (28), the optimal vacancy posting condition for the firm needs to be modified as:
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Labor market clears:
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8 Table 1 Parameter Values of the Three Models Next, while I feed the cost of posting vacancies, ψ, as a constant parameter to the former model, I calibrate the steady-state value of costing vacancies, in the latter model so that the equilibrium value of cost of posting vacancies of the two models coincide.
(13), (14) The parameter values of the Hagedorn and Manovskii model differ from the two other models in two dimensions: first, following , I set the bargaining power parameter of the worker in the Hagedorn and Manovskii model, ν, to 0.052, whereas this value is set to 0.40 in the two other models. Second, again following , I set the nonmarket activity parameter value (the ratio of unemployment benefit/home production to steady-state wage rate) in the Hagedorn and Manovskii model to χ = 0.95, whereas this value is set to χ = 0.40 in the two other models. 
Model Results
I display the resultant steady-states of the three competing models in Table 2 . I report that, as in-tended, steady-state values of the three models are quantitatively similar. The only exception to this similarity is due to nonmarket activity: because of the different parametrization of the Hagedorn and Manovskii model, the steady-state value of nonmarket activity is noticeably higher in the Hagedorn and Manovskii model than those of the two other models.
(16) (13) In doing so, since there is no earlier study that could shed light to this parametrization, I set the exponent of vacancy posting costs to so that the function displays decreasing returns to scale, and then calibrate the multiplier before v0.7 to 0.6019, so that its steady-state value is equal to 0.25, as in the Shimer model. I also re-port the consequent findings with a more concave function cost function in Table A .9-Table A.11. Results with other concavity parametrization are available upon request, and the associated MATLAB codes can be downloaded at http://www.econ.boun.edu.tr/torul/nols.zip. (14) As in the case of lump-sum transfer of profits, fixed vacancy costs do not alter optimal decision rule of the firm.
Fixed-costs, by design, imply decreasing average costs, and the most reasonable way of incorporating Pissarides (2009) argument while also enabling the firm to internalize the costs could be the introduction of a decreasing-returns-to-scale cost function, which affects the firm's optimal decision rule, and thus generates implications of interest by Pissarides (2009)'s claim. For the firm to alter its decision rules due to fixed-costs, one could computationally change the solution algorithm, e.g. rely on a global approximation technique via value or policy function iteration. However, that approach would reduce the comparability of competing models solved via local approximation techniques. Table A .8, in the presence of high nonmarket activity rates (χ =0.95), when bargaining power of workers increase from 0.052 to 0.40 in Nash bargaining, the Hagedorn and Manovskii model generates a steady-state, which is radically different than those of the Shimer and the Pissarides models. Further, in this setting, job-matching probability in the Hagedorn and Manovskii model turns out to ill-behave, since the steady-state of q reaches a value above 1. Further, this specification yields an unemployment rate u as much as 3.5 times that of the Shimer model, and a vacancy posting rate v of only one-fifth of the Shimer model. Accordingly, labor market tightness in Hagedorn and Manovskii model with low high bargaining power of workers turns out to be significantly lower than that of Shimer or Pissarides models. Therefore, it is safe to conclude that for the Hagedorn and Manovskii model to perform comparably to the Shimer and Pissarides models, it is imperative to set the worker's bargaining power significantly lower, as high values of nonmarket activity already empower workers and thereby reduce opportunity cost of working.
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I display the resultant steady-states of the three competing models in Table 2 . I report that, as intended, steady-state values of the three models are quantitatively similar. The only exception to this similarity is due to nonmarket activity: because of the different parametrization of the Hagedorn and Manovskii model, the steady-state value of nonmarket activity is noticeably higher in the Hagedorn and Manovskii model than those of the two other models. (16) [Place Table 2 about here] After computing the deterministic steady-states, I next turn to deriving decision rules and law of motions in the neighborhood of the respective steady-states of the three models in response to labor productivity shocks. For this goal, I utilize the Schmitt-Grohé and Uribe first-order linear local (13) In doing so, since there is no earlier study that could shed light to this parametrization, I set the exponent of vacancy posting costs to 0 (0, 1) so that the function displays decreasing returns to scale, and then calibrate the multiplier before v 0.7 to 0.6019, so that its steady-state value is equal to 0.25, as in the Shimer model. I also report the consequent findings with a more concave function cost function in Table A .9-Table A.11. Results with other concavity parametrization are available upon request, and the associated MATLAB codes can be downloaded at http://www.econ.boun.edu.tr/torul/nols.zip. (14) As in the case of lump-sum transfer of profits, fixed vacancy costs do not alter optimal decision rule of the firm. Fixed-costs, by design, imply decreasing average costs, and the most reasonable way of incorporating Pissarides (2009) argument while also enabling the firm to internalize the costs could be the introduction of a decreasing-returns-to-scale cost function, which affects the firm's optimal decision rule, and thus generates implications of interest by Pissarides (2009)'s claim. For the firm to alter its decision rules due to fixed-costs, one could computationally change the solution algorithm, e.g. rely on a global approximation technique via value or policy function iteration. However, that approach would reduce the comparability of competing models solved via local approximation techniques. Table A.7 and Table A .8, in the presence of high nonmarket activity rates (χ =0.95), when bargaining power of workers increase from 0.052 to 0.40 in Nash bargaining, the Hagedorn and Manovskii model generates a steady-state, which is radically different than those of the Shimer and the Pissarides models. Further, in this setting, job-matching probability in the Hagedorn and Manovskii model turns out to ill-behave, since the steady-state of q reaches a value above 1. Further, this specification yields an unemployment rate u as much as 3.5 times that of the Shimer model, and a vacancy posting rate v of only one-fifth of the Shimer model. Accordingly, labor market tightness in Hagedorn and Manovskii model with low high bargaining power of workers turns out to be significantly lower than that of Shimer or Pissarides models. Therefore, it is safe to conclude that for the Hagedorn and Manovskii model to perform comparably to the Shimer and Pissarides models, it is imperative to set the worker's bargaining power significantly lower, as high values of nonmarket activity already empower workers and thereby reduce opportunity cost of working.
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After computing the deterministic steady-states, I next turn to deriving decision rules and law of motions in the neighborhood of the respective steady-states of the three models in response to labor productivity shocks. For this goal, I utilize the Schmitt-Grohé and Uribe first-order linear local approximation algorithm.
(17) In doing so, as briefly discussed, I follow two different approaches: i) I formulate nonmarket activity χ as a parameter, the unique value of which is as listed in Table 2 , or ii) I endogenize the value of nonmarket activity so that the ratio of nonmarket activity to wage rate remains constant not only at the steady-state, but also throughout business-cycle fluctuations resulting from productivity shocks. I coin the former specification as exogenous χ and the latter as endogenous χ.
(18) For each of the three competing models, I compare and contrast the implications of the endogeneity of nonmarket activity, χ. Since the main focus of interest of labor-search models is addressing discrepancies in second moments, I next turn to simulating model economies so as to explore on second moments. For this purpose, I simulate 100 model economies with different productivity innovations, while keeping innovations the same across models. After generating the time-series of economic variables of interest around their respective steady-states for 100 quarters, I next take the natural logarithm of the computed series, and apply the Hodrick and Prescott filter to generate the trend and de-trended series.
(20) I display the descriptive statistics of the resultant series in Table 3, Table 4 Table 2 Steady-States of the Three Models (17) I append the details of the local approximation algorithm to the Appendix.
(18) For robustness check on decision rules and law of motions, I shut down exogenous innovations to labor productivity for 99 periods: t = 2, . . . , 100 and feed the three models with an initial productivity innovation of positive 2 standard deviations in their respective steady-states at time t = 1. For brevity, I display the convergence patterns of only one state variable, u t , and one control variable, v t in Figure A .1, Figure A .2 and Figure A. 3. In summary, all variables illustrate a sharp and clear convergence pattern to their long run means, with the endogeneity of χ inducing noticable differences.
(19) While I set χ as exogenously for comparability with the earlier literature, my rationale for endogenizing χ is due to reporting on the considerable implications of incorporating co-movement of nonmarket activity and wage rate throughout business-cycles. As I discuss in detail, this distinction has first-order implications, which is not studied in the earlier literature. Table 5 60 BOGAZICI JOURNAL Shimer (2005) , in his canonical paper, argues that "In the United States, the standard deviation of the vacancy-unemployment ratio is almost 20 times as large as the standard deviation of average labor productivity, while the search model predicts that the two variables should have nearly the same volatility". The relative volatility of θ to generated in my Shimer specifications is neither nearly equal to unity, nor is it close to 20.
When nonmarket activity, , is specified endogenously, the standard deviation of labor market tightness θ equals 521% of the standard deviation of labor productivity, . The same ratio increases up to 817% when modelling χ exogenously. A critical result generated by the Shimer specification, as well as the other two specifications, is that whenever χ is endogenized, i.e. nonmarket activity is time and state-independent, the relative volatility of labor market tightness decreases, and formulating nonmarket exogenously, as done in the earlier literature, is therefore a critical element in amplifying the volatility of labor market tightness. In order to quantify the impact of Hodrick and Prescott smoothing parameter on these results, I set λ equal to 10 5 as in Shimer (2005) , and report my findings in Table A.4 and  Table A .5: as expected, increasing the smoothing parameter generates a lower relative labor market tightness volatility, yield-ing values closer to those by Shimer (2005) . In this setting, increasing the smoothing parameter from the conventional λ = 1600 to λ = 10 5 reduces the volatility of labor market tightness by as much as one fourth: from approximation algorithm. (17) In doing so, as briefly discussed, I fol I formulate nonmarket activity χ as a parameter, the unique value or ii) I endogenize the value of nonmarket activity so that the rat rate remains constant not only at the steady-state, but also throug resulting from productivity shocks. I coin the former specification endogenous χ.
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(20) While using Hodrick and Prescott filter, I use a smoothing parameter λ equal to 1600, as it is standard macroeconomics literature. Note that Shimer (2005) sets the smoothing parameter equal to 10 5 , thereby conde responses to innovations more than the common practice in the literature.
(21) Note that the negative correlation between unemployment and vacancies, as displayed in that the Hagedorn and Manovskii model with exogenous nonmarket activity does an excellent job in amplifying the relative standard deviation of labor market tightness with its value of 4988%, which is over six times that of the Shimer model.
Corr.(y)
(23) However, this result does not hold true when nonmarket activity χ is endogenized: in the case of endogenous χ, the relative volatility prediction of the Hagedorn and Manovskii on labor market tightness is just 533%, which is only moderately over that of the Shimer specification with 521%. These findings suggest that the success of the in amplifying the relative volatility of interest, and thereby addressing the Shimer puzzle depends considerably on the formulation of nonmarket activity: if the value of nonmarket activity (i.e. unemployment bene-fits/home production) is allowed to co-move with the wage rate in response to technology shocks, the suggested solution by to the Shimer puzzle fails to deliver. In other words, 's strength lies decisively on the assumption of constant non-market activity, thus further research addressing whether nonmarket activity is indeed empirically irresponsive to productivity innovations is key. I report my findings on the second moments of variables of interest in the Pissarides model in Table 5 . Evidently, the descriptive statistics by the Pissarides specification compare rather poorly to the Shimer and the Hagedorn and Manovskii specifications: the volatility ratio of labor market tightness productivity shocks is lower than that of the Shimer and Hagedorn and Manovskii specifications for both the endogenous and the exogenous nonmarket activity settings. When the concavity parameter ι is reduced to 0.30 so that the vacancy posting function decreases more to scales, relative volatility ratio improves, yet still falls short of delivering relative volatility figures close to those of the Shimer specifications. (25) Therefore, in the absence of ad-hoc wage stickiness, the Pissarides model with decreasing average cost of posting vacancies, as formulated in Equation (29) does not offer promising outcomes, and further research extending Pissarides (2009) could focus on the re-formulation the posting cost function, while simultaneously incorporating other vital elements, such as wage stickiness.
(26) (22) For a more elaborate discussion on this issue, see Shimer (2010) . (24) Note throughout this exercise, I assume that the worker's bargaining power is 5%, which is almost an order of magnitude lower than that of the competing two models with ν = 0.40. In the Hagedorn and Manovskii model, when the worker's bargaining power is set to the same ν = 0.40, the model starts to display ill-behaving results, with the probability of filling a vacancy exceeding unity, and unemployment rate reaching over one-third of the population, as displayed in Table A .6. Therefore, for the Hagedorn and Manovskii model to generate a decent performance, high nonmarket activity is to be coupled with unreasonably low bargaining power of workers, as well. (25) In this experiment, I re-calibrate the coefficient before cost of vacancies, i.e. 0.6019, to 0.3600, so that holds thereby ensuring comparability of the two specifications. See Table A.9, Table A.10 and Table A .11 for the details of the findings by this re-parametrization. 11 those of the Shimer specifications. (25) Therefore, in the absence of ad-hoc wage stickiness, the Pissarides model with decreasing average cost of posting vacancies, as formulated in Equation (29) does not offer promising outcomes, and further research extending Pissarides (2009) 
Conclusions
In this paper, I explore on the business-cycle performances of three prominent labor-search models: Shimer (2005) , and Pissarides (2009) . I first provide a standard framework for contrasting the three models, and quantify the sensitivity of Shimer (2005)'s relative labor market tightness volatility to business cycle smoothing parametrization. Second, I revisit 's proposed solution to the Shimer puzzle, and report that the strength of the model by depends considerably on whether value of nonmarket activity responds to business-cycle fluctuations or not. Third, I report that when specified in the form of a decreasing-returns-to-scale functional form, the incorporation of decreasing average vacancy posting costs by Pissarides (2009) cannot generate decent businesscycle volatilities in the absence of further wage stickiness. All my findings reveal the way nonmarket activity is modelled has key implications for business-cycle performances of labor-search models. Specifically, formulating the value of nonmarket activity as a constant, or allowing it to respond to business-cycle fluctuations has first-order consequences, especially in settings where bargaining power of workers is low and the ratio of nonmarket activity to wage rate is high. Therefore, these findings point to the need for exploring further on the degree of co-movement between wage rate and nonmarket activity in order to improve on labor-search modelling attempts, which I leave to future research. (25) In this experiment, I re-calibrate the coefficient before cost of vacancies, i.e. 0.6019, to 0.3600, so that ψ =0.3600 v 0.3 = 0.25 holds thereby ensuring comparability of the two specifications. See Table A.9, Table A.10 and Table A.11 for the details of the findings by this re-parametrization. 
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A NOTE ON LABOR SEARCH MODELS
B Appendix: Solution Algorithm
In this appendix section, I describe the details of the linear approximation algorithm around steady-state. First, I compute the deterministic steady states of the three models by solving the simultaneous system of model equations via the fsolve command in MATLAB, as it is standard in the literature. Next, I turn to exploring the business cycle properties variables of interest via Schmitt-Grohé and Uribe (2004) where σ refers to perturbation from the steady-state, hence Equation (30) describes how the control variables rely on state variables, and Equation (31) illustrates how the state variables evolve. Next, I rewrite the equilibrium conditions in a compact way so that expected value of each function as of time t equals 0, and we stack these equations in a vector of functions Γ t . Then, by chain rule, simple algebra yields:
where Γι refers to the Jacobian of Γ(.) with respect to ι. The analytical forms of the Jacobians could be derived with tedious algebra since functional forms are already known, and having solved the deterministic steady-state, evaluating the Jacobians at steady-state values for equation is feasible, which are used to derive ϱ κ and ℏκ matrices, i.e. decision rules.
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